Objective: Wear and microhardness of three different types of CAD/CAM ceramics against enamel as an occlusal antagonist were studied. Also, microhardness was evaluated.
INTRODUCTION
Wear, according to the engineering dictionary is defined as "Undesired deterioration of a component by removal of a material from its surface." (1) It is also defined as "loss of material resulting from removal and relocation of materials through the contact of two or more materials." (2) Mair et al (1996) (3) , and Hahnel et al (2011) (4) , defined wear as progressive surface loss of a material caused by relative motion .
Many environmental factors as well as material properties affect the wear property. Environmental factors include sliding surfaces interaction, microscopic contact and different combination of materials. Material properties like phases, inclusions, crystal orientation and inhomogeneity affect the material wear. Abrasive wear occurs when a harder material is contacting or sliding over a softer one. Materials having hard, smooth surfaces are more wear resistant. Also, flushing away the abraded particles makes it two body instead of three body abrasion. Sliding action accelerates as well corrosive wear. Surface fatigue wear occurs as the free particles (particles broken off under cyclic loading) contact with the surface causing highly localized stresses producing surface and subsurface cracks. (2) Although dental physiologic wear is a natural, inevitable process, yet excessive tooth wear due to presence of dental restorations in the aggressive oral environment is usually undesirable and needs to be controlled by restorations' finishing and polishing. (5) Oral environment is a unique, dynamic tribological system consisting of four elements: teeth and /or restorative materials, food representing a solid element, saliva acting as lubricant and air. (6) Tribology is defined as "the science and technology of interacting surfaces in relative motion". It studies friction, lubrication and wear. (7) Understanding friction and wear behavior of human teeth against available restorative materials is crucial for preserving normal masticatory function and occlusal harmony. Severe wear causes; tooth height loss, change in occlusal anatomy, hypo-occlusion, change in vertical dimension of occlusion, temporomandibular joint pain, impaired function, functional path alteration, anterior guidance and esthetic loss that indicates complex restorative treatment. (8) (9) (10) (11) On the other hand, restoration wear creates micro-cracks and flaws that may result in compromised esthetics, masticatory function impairment, sensitivity, secondary caries and systemic effects due to ingestion of the wear products. (11) Ceramics wear and their abrasiveness against enamel structure is a real concern for clinicians making proper ceramic selection very critical. Researchers recommend that the restorative material should have a compatible wear rate with that of natural tooth enamel. (12, 13) Enamel-ceramic wear can be abrasive, fatigue and corrosive. (3) In dentistry hardness of a material is a highly significant property as it allocates its abrasiveness. It is a measure of the resistance to permanent surface indentation or penetration. (14) Dental literature shows a great controversy about the effect of material hardness on its wear resistance as well as its abrasiveness to the opposing. Some researchers reported no relation while others drew the attention to that there is a relation between hardness and the amount of wear as one of multiple factors that affect material wear, that's why a direct relation between hardness and wear is not always achievable. (3, (15) (16) (17) Development of less abrasive aesthetic ceramic materials to minimise enamel wear is one of ceramic manufacturers' goals. (8, 9) Traditional ceramic fabrication techniques are multistep procedures and may produce restorations with different variabilities. Compared to the CAD/ CAM technique they are technique sensitive and time consuming. CAD/ CAM ceramic fabrication technique may be a more reliable alternative for both the technicians and dentists. (18, 19) CAD/CAM ceramics are offered in the form of industrially fabricated dense homogenous blocks with less flaws and porosities. This leads to construction of restorations with optimal physical and mechanical properties compared to other ceramics. (20, 21) Dental ceramics are divided into three main families: resin-matrix ceramics, glass-matrix ceramics and polycrystalline ceramics (zirconiabased). The three types have representatives as CAD/CAM blocks. (22, 23) Hybrid ceramic combines resin resiliency with colour and strength of the ceramic materials. Vita Enamic is a commonly used fully sintered CAD/ CAM hybrid ceramic. It is a hybrid dental ceramic having a fully integrated dual network structure which consists of 86% wt. sintered fine structure ceramic network strengthened by 14% wt. acrylate polymer network filling and infiltrating the pores. IPS e.max CAD lithium disilicate blocks contain 40% partially crystallized lithium metasilicate LiSiO 3 in glassy matrix. Partial crystallization ensures that the blocks can be processed in a crystalline intermediate phase, which allows fast machining with the CAD/CAM milling systems. (24) As claimed by the manufacturer, Celtra Duo is a zirconia reinforced lithium silicate ceramic that has a unique microstructure that contains 10% atomically dissolved zirconia incorporated in the glass matrix to provide high strength. Zirconia is responsible for the fine-grained lithium silicate crystals nucleation. The high glass content gives the material its excellent optical and mechanical properties as well as excellent polishability.
As wear measurement of restorative materials serve in prediction of restorations clinical longevity and performance. The aim of this research is to study wear and microhardness of the tested 3 ceramics representing three different types of ceramics: polymer-infiltrated ceramic, lithium disilicate ceramic and zirconia reinforced lithium silicate ceramic. The hypothesis of this research is that there will be a significant difference between the 3 tested ceramics as regards both the wear and microhardness with Celtra Duo will be the most abrasive material.
MATERIALS & METHODS

Samples preparations
Thirty rectangular samples with dimensions 12
x 14 x 2 mm were constructed for the three tested ceramics [Vita Enamic (Vita Zahnfabrik, Bad Sackingen, Germany) which is a polymer-infiltrated ceramic, IPS e.max CAD (Ivoclar Vivadent AG, Schaan, Liechtenstein) which is a lithium disilicate reinforced ceramic, and Celtra Duo (Dentsply Sirona DeguDent GmbH. Germay) which is a zirconia reinforced lithium silicate ceramic)] to fit in the Teflon housing of the lower compartment of the chewing simulator. Each group consists of ten samples according to the type of ceramic material. Then, each group was subdivided into 2 subgroups (5 samples each). The first subgroups were subjected to microhardness test, while the second subgroups were first subjected to wear test, then to microhardness test. The samples were cut from the CAD/CAM blocks using a micro saw (Isomet 4000, Buehler, Illinois, USA). To ensure samples standardization, digital caliber (High-Accuracy Digimatic, Digital Micrometer, USA) was used to check the samples dimensions. Samples were then ultrasonically cleaned in distilled water for 10 minutes and air-dried using oil free compressed air and left for 24 hours to dry.
Vita Enamic samples were finished using the finishing diamonds using 50 µm and 25 µm impregnated grit drills (Komet, Brassler, German) and finally polished according to manufacturer recommendations using Vita Enamic polishing set/Technical (Vita Zahnfabrik, Bad Sackingen, Germany) IPS e.max CAD samples were fired to be fully crystallized in a sintering furnace (Programat P500, Ivoclar Vivadent AG, Schaan, Liechtenstein) at 850˚C for 30 minutes. Samples were then left to cool to room temperature. They were then finished using the finishing diamonds with 50 µm and 25 µm impregnated grit drills (Komet, Brassler, Germany) and finally using the OptraFine polishing system (Ivoclar Vivadent AG, Schann, Liechtenstein), the samples were polished.
The Celtra Duo samples were finished using the finishing diamonds with 50 µm and 25 µm impregnated grit drills (Komet, Brassler, Germany) and finally using the OptraFine polishing system (Ivoclar Vivadent AG, Schann, Liechtenstein). As per manufacturer instructions, Celtra Duo should be completely polished before firing if no glazing material is applied. Samples were subjected to firing cycles (60˚C/min heating rate, stand by temperature at 500˚C and 820˚C final firing temperature, 1 min. holding time) in Programat P500 furnace (Ivoclar Vivadent AG, Schaan, Liechtenstein).
Samples of the second subgroups were weighed using high accurate four digital number scale with an accuracy of 0.0001 gm (Sartorius, Biopharmaceutical and laboratories, Germany) Fifteen caries free premolars extracted due to orthodontic or periodontal reasons (from patients between 18 to 30 years old) were used as antagonists in the study. Teeth were thoroughly washed, scaled and scrubbed to remove blood, plaque, calculus and remnants of the periodontal ligament. Only teeth with no obvious enamel defects were accepted. They were stored in Hanks' balanced salt solution (HBSS) (American Bioinnovations, LLC, Sparks, USA) to prevent enamel dehydration and maintain enamel hardness till use. (25) The selected teeth were embedded in plastic cylinders filled with acrylic resin 1mm above the CEJ, then sectioned vertically under copious amount of water, using a diamond saw (Isomet 1000, Buehler, IL, USA). Sectioning was done in a mesio distal direction separating the buccal cusps from the lingual ones then, using the same saw the lingual cusp was removed. Only the buccal cusps were used as antagonists to the ceramic samples in the chewing simulator. These samples were weighed using a the sensitive digital scale with four accuracy of 0.001 gm. Distance between the cusp tip and the base of resin blocks were measured using digimatic micrometer (High-Accuracy Digimatic, Digital Micrometer, USA).
Wear test:
Wear test was conducted using a chewing simulator (Robota-Ach-09075DC-T, AD-Tech Technology Co., Ltd., Germany). It has four chambers to perform vertical and horizontal movements. (Fig. 1 ) Each chamber has an upper Jackob's chuck for the tooth antagonist holder tightened with a screw and a lower plastic sample holder for ceramic samples embedded in a Teflon housing. A 33% glycerin was used as a lubricant. The parameter of the wear test was: vertical movement 2 mm, cycle frequency 1.6 Hz., horizontal movement 1 mm, 5 kg weight was exerted, 150000 cycles. (26) (27) (28) Ceramic samples and occlusal antagonists were re-weighed after the wear test and distance between the cusp tip and the base of resin blocks was remeasured.
Microhardness Test:
Samples of the first subgroups as well as samples of the second subgroups after being subjected to wear test were subjected to microhardness test. The surface hardness was measured using Vickers Hardness Tester (DVK-2, Matsuzawa Seiki Co., Japan). Each sample was mounted in the horizontal stage of the tester then the indenter was lowered at a loading speed 50µm/sec under 10 Kg for 20 seconds loading time. Indentations were measured immediately after automatic return of the indenter. Readings were performed by measuring the size of the diagonals of Fig (1) : The chewing simulator the indentation directly in Vickers. For each tested sample, 5 indentations were evaluated and an average hardness number was determined. (29) Statistical Analysis:
All data obtained in this research were calculated, tabulated and statistically analyzed using one-way ANOVA Test. Then the Tukey test for multiple comparisons of means at (p < 0.05) was done. (2) (3) (4) . A one way ANOVA Test was carried out to determine the statistical significant differences between the tested groups (p<0.05). The Tukey test at (p<0.05) was carried out following the one-way analysis of variance.
RESULTS
Means and standard deviations of the wear test are represented in (Tables 1-3). A comparison between means is also represented in figures
Concerning the weight loss of the tested ceramics, Vita Enamic recorded the highest weight loss (0.104 gm) while Celtra Duo recorded the least weight loss (0.034 gm). A significant difference was found between the weight loss of Vita Enamic and both IPS e.max CAD and Celtra Duo, while there was no significant difference between IPS e.max CAD and Celtra Duo. Table 1 and Figure 2 As regard weight and height loss of the occlusal tooth structure antagonist, Vita Enamic recorded the lowest weight loss (0.009 gm) and the lowest height loss (0.032 mm). While against Celtra Duo, the occlusal antagonist recorded the highest weight loss (0.031 gm) and the highest height loss (0.113 mm). There was a significant difference between weight loss of the occlusal antagonist against Vita Enamic and against both IPS e.max CAD and Celtra Duo, while there was no statistically significant difference between weight loss of the occlusal antagonist against IPS e.max CAD and Celtra Duo. Table2 and Figure 3 .
Also, there was a significant difference between height loss of the occlusal antagonist against Vita Enamic and against both IPS e.max CAD and Celtra Duo, while there was no significant difference between height loss of the occlusal antagonist against IPS e.max CAD and Celtra Duo Table 3 and 
Same letters denotes no significant difference
Microhardness:
The means and standard deviations of the microhardness of the tested materials are represented in Table 4 . A comparison between means is also represented in figure (5) . One-way ANOVA Test was carried out to determine the statistical significant differences between the tested groups (p<0.05). The Tukey test at (p<0.05) was carried out following the one-way analysis of variance. The results showed a statistically significant difference between Vita Enamic and both IPS e.max CAD and Celtra Duo. While there was no significant difference between IPS e.max CAD and Celtra Duo. Also, there was no significant difference for all the tested 3 ceramics between the control samples (without wear) and after wear test. 
DISCUSSION
The current research studied the wear and microhardness of 3 types of available CAD/CAM ceramics against enamel antagonists. The three tested types were: Vita Enamic (polymer-infiltrated ceramic), IPS e.max CAD (lithium disilicate reinforced glass ceramic) and Celtra Duo (Zirconia reinforced lithium silicate ceramic). CAD/CAM blocks have the advantage that they are industrially produced to ensure standardization by neglecting the probability of processing defects. Several investigators reported that ceramic materials cause greater enamel wear compared with any other restorative materials. (30) (31) (32) Although firing is optional for Celtra Duo, in this investigation firing was performed to allow the samples to reach their optimal mechanical properties.
Occlusal antagonists were upper first premolars extracted for orthodontic or periodontal reasons without modifying the buccal cusp tip. (33) (34) (35) It was reported that extracted human enamel is more desirable for collecting information that may guide clinical practice. (36) (37) (38) Also, studies that didn't use enamel and used ceramics instead as antagonist, ignored the fact that the enamel roughens during wear more than the ceramic thus affecting further wear and abrasiveness to the opposing. Teeth were stored in HBBS which has low affinity for dissolving calcium in tooth structure keeping minimal demineralization during storage time. (39) Sectioning of teeth was done under copious amount of water to minimize the effect of generated heat, which might cause teeth dehydration and microstructural changes.
Several in-vivo and in-vitro wear behavior testing methods are developed to evaluate the occlusal wear of dental restorative materials. For standardizing all factors that may affect material wear, it seems that in-vitro tests are more beneficial and reliable. Clinical studies are time consuming, non-standardized and expensive. (40, 41) Also, in-vitro tests wear tests were conducted using wear simulators under controlled conditions; a pre-set load of 5 Kg which is equivalent to 49N representing the average physiological biting force in normal occlusion, 150000 cycles, representing one year of clinical use as described by Nawafleh et al (2016). (42) Pre-determined adjustments as combination of vertically applied forces and lateral movement in order to simulate both abrasive and fatigue wear, in the presence of 33% glycerin as a lubricant for flushing away the abraded particles, making it two body instead of three body abrasion. (26, 37, 43, 44) Chewing rate used is 1.6Hz. as the recorded humans chewing rates are mostly below 2 Hz. Although increasing the frequency can be very helpful to reduce the testing time but this may alter the results. (43) Wear behavior was analyzed by measuring weight loss for the tested ceramics as well as measuring weight and height loss for the occlusal enamel antagonists. (40) Also, Vickers Hardness Test is a convenient mean for investigating the mechanical properties of small volume materials. (45) Vita Enamic recorded the highest weight loss followed by IPS e.max CAD then Celtra Duo. There was a significant difference between Vita Enamic weight loss and both IPS e.max CAD and Celtra Duo, while there was no significant difference between IPS e.max CAD and Celtra Duo weight loss.
Ceramic microhardness results for all groups showed no significant difference between without wear and after wear. However, a significant difference was found between Vita Enamic (the lowest microhardness) and the other two groups with no significant difference between IPS e.max CAD and Celtra Duo.
As the normal physiologic wear rate of mature enamel measured by Lambrechts et al (1989), (46) reported the range of 29μm per year for molars and 15μm per year for premolars with an acceptable range of 20-40 μm/year for restorative materials.
The results of the current study showed enamel wear exceeding this range per year . However, this may be attributed to that Lambrechts et al, carried out an in-vivo investigation with different environmental factors : exerting force, speed, lubrication, temperature and pH.
Results come in accordance with researchers supporting that the lower the hardness of the restorative material the lower the enamel wear and vice versa. (47, 48) Also, with many researchers (49, 50) who proved that ceramics with higher crystallinity are much more wear resistant than ceramics with lower crystals content and consequently they are more abrasive to the opposing.
As for the Celtra Duo the dispersal of high ZrO 2 content creates more nuclei for crystalline phase formation at lower energy input resulting in ultrafine microstructure with greater number of smaller crystallites (approx. 0.6-0.8 μm). This microfine structure resulted in ceramic wear and enamel abrasion comparable to lithium disilicate ceramics. (51) performed Energy Dispersive x-ray Spectroscopy (EDS) to examine the elemental composition of Celtra Duo and found no difference in the microstructure between the fired and unfired Celtra Duo. Analysis revealed disc-shaped crystals of lithium silicate and glassy matrix containing mainly oxygen, silica, and lithium with approximately 10% zirconia. Riquieria et al (2018), (52) claimed that introduction of zirconia in to lithium disilicate acts as a stabilizer which restricts crystalline growth.
Lawson et al (2016),
However, partially crystallized IPS e.max CAD blocks contain 40% lithium metasilicate platelet shaped crystals (Li 2 SiO 3 ) embedded in a glassy phase. Crystals size ranges between 0.2 to 1.0 μm. Which after thermal tempering and reaching final crystallization that reaches 70% fine-grain elongated spindle shaped lithium disilicate crystals Li 2 Si 2 O 5 in glassy matrix. Vita Enamic consists of 86% feldspar ceramic and 14% methacrylate polymer. It showed less wear resistance and less abrasiveness to the opposing enamel compared to the two other groups. This may be due to the presence of the weaker polymer infiltration as well as that glass ceramics used have a finer microstructure and more crystalline content compared to Vita Enamic. Also, asperities on the ceramic and enamel surfaces cause reciprocal abrasive scratching. (53) While these results disagree with Mair et al (1996), (3) Seghi et al(1991), (12) Seghi et al (1995), (16) and Lawson et al(2016) (51) who reported no direct relationship between hardness and wear and claimed that roughness may exert a remarkable effect than does the hardness.
However, controversies existing about the relation between hardness and wear may be attributed to fact that wear is affected by many factors makes a direct relationship between microhardness and wear as well as comparable results of different researches difficult to attain.
The hypothesis in this study was partially accepted as there was a significant difference between Vita Enamic and both IPS e.max CAD and Celtra Duo, while there was no significant difference between IPS e.max CAD and Celtra Duo as regard both wear and microhardness.
CONCLUSIONS
Vita Enamic (polymer-infiltrated ceramic)
showed the worst wear behavior and the least abrasiveness to enamel.
2. IPS e.max CAD (lithium disilicate ceramic) and Celtra Duo (Zirconia reinforced lithium silicate ceramic) showed comparable wear behavior and abrasiveness to enamel.
3. Ceramic microhardness is not affected by wear for the three tested ceramics.
4. Ceramic microhardness although it is not the main factor affecting wear behaviour yet it may contribute in predicting the clinical behavior of the used ceramic.
